Abstract. In this study, the idealized two-dimensional detonation cells were decomposed into the primary units referred to as sub-cells. Based on the theory of oblique shock waves, an analytical formula was derived to describe the relation between the Mach number ratio through triple-shock collision and the geometric properties of the cell. By applying a modified blast wave theory, an analytical model was developed to predict the propagation of detonation waves along the cell. The calculated results show that detonation wave is, first, strengthened at the beginning of the cell after triple-shock collision, and then decays till reaching the cell end. The analytical results were compared with experimental data and previous numerical results; the agreement between them appears to be good, in general.
Introduction
It is well known that gaseous detonation waves have threedimensional (3D) cellular structure. The tracks of cellular structure can be recorded with smoked foils on channel walls, and the regions enclosed by the tracks are called detonation cells. For extremely regular cellular patterns, such as rectangular and planar modes, which can be approximately treated as two-dimensional, it was found that the interaction of Mach configurations plays the main role. The Mach stems and incident waves of the Mach configurations alternate each other (Strehlow 1968; Fickett and Davis 1979; Nettleton 1987) .
During the 70's and 80's the investigations on the propagation of detonation waves had conclusively established that detonation velocity fluctuates periodically from 0.6 to 1.5 times the C-J value (Fickett and Davis 1979; Crooker 1969; Lee 1984; Lee 1991; Mitrofanov 1996) . Lundstrom and Oppenheim (1969) , Strehlow (1970 Strehlow ( , 1971 , Strehlow et al. (1972) , Strehlow and Crook (1974) and Urtiew (1976) analyzed two-dimensional cellular detonation waves and found that the detonation velocity and pressure reach their maximum values just after the tripleshock collision, and then decay continuously until their minimum values are reached at the end of the detonation cell. However, the pressure fluctuations along the cell centerline, obtained in the experiments of VMT (Voitsekhovsky et al. 1963) , suggested that detonation states close to the collision point could not be resolved because the area is too small to put in a probe. The axial velocity history recorded by Takai et al. (1974) showed a
Correspondence to: X.Y. Hu (e-mail: xyhu@imech.ac.cn) local maximum near the apex of the cell but its accuracy is difficult to estimate. In order to explain the velocity and pressure fluctuations, Barthel (1972) suggested that a reactive compression wave near the collision point could catch up and strengthen the detonation leading front. Recently, the two-dimensional numerical results reported by Oran et al. (1998) and Gamezo et al. (1999) also showed that the leading front is initially strengthened to its maximum value at the beginning of the detonation cell.
Inspired by the insights of the previous experimental results and numerical simulations, the objective of this paper is to develop a two-dimensional analytical model to describe more exactly the triple-shock collision and propagation of detonation front through detonation cells.
Regular detonation cell and its sub-cells
The idealized two-dimensional detonation wave has a regular pattern, so that any two adjacent triple-shock structures may represent the whole front. While the leading front propagates from position I to position II, as shown in Fig. 1 , any two triple-shock structures connected by an incident shock wave approach each other and then collide at the cell centerline. After the collision, the two original Mach stems now become incident shock waves and a new Mach stem is created, which connects the two newlydeveloped triple-shock structures moving apart from each other. In this way, Mach stems and incident shock waves exchange their roles and then propagate till the next collision. Meanwhile, the triple points with high pressure trace out detonation cells. Schematic of this process is shown in Fig. 1 . It is easy to observe that leading fronts at the same positions relatively to different cells have the same states. Thus, the whole detonation front can be understood by analyzing the wave process taking place in one cell. Furthermore, the four track segments of a cell are similar to each other, so it is possible to decompose a cell into smaller primary units.
Based on the above discussion, a smaller primary unit called sub-cell, for instance, area A − C − B − D in Fig. 1 , can be defined. The sub-cell is enclosed by two centerlines (such as 2 and 3 in Fig. 1 ) and two leading fronts (transforming from Mach stem to incident shock wave, such as Fig. 1 ) of two adjacent cells. One can find, if the whole leading front is divided into segments by centerlines, that the sub-cell just corresponds to one dynamical cycle of a front segment. Some features of the sub-cell can be easily derived:
-The width of a sub-cell is d/2, where d is the cell width.
The detonation cell length l is related to the sub-cell dimensions as follows:
-The leading fronts at the two lengthways borders have the same state, so that
where M B−D−B , M B−D−B are Mach numbers of the two fronts; -If a sub-cell is divided into two parts along the triplepoint track, considering the symmetry of a detonation cell, one can find that the part with the concave triplepoint track (for instance, the area marked by A−B−D in Fig. 1 ) stands for the first half of the detonation cell, and the other part (for instance, the area marked by A − C − B in Fig. 1 ) stands for the second half of the cell.
